Background: The performance of recommended control measures is necessary for quick and uniform infectious disease outbreak control. To assess whether these procedures are performed, a valid set of quality indicators (QIs) is required. The goal of this study was to select a set of key recommendations that can be systematically translated into QIs to measure the quality of infectious disease outbreak response from the perspective of disaster emergency responders and infectious disease control professionals. Methods: Applying the Rand modified Delphi procedure, the following steps were taken to systematically select a set of key recommendations: extraction of recommendations from relevant literature; appraisal of the recommendations in terms of relevance through questionnaires to experts; expert meeting to discuss recommendations; prioritization of recommendations through a second questionnaire; and final expert meeting to approve the selected set. Infectious disease physicians and nurses, policymakers and communication experts participated in the expert group (n = 48). Results: In total, 54 national and international publications were systematically searched for recommendations, yielding over 200 recommendations. The Rand modified Delphi procedure resulted in a set of 65 key recommendations. The key recommendations were categorized into 10 domains describing the whole response pathway from outbreak recognition to aftercare. Conclusion: This study provides a set of key recommendations that represents 'good quality of response to an infectious disease outbreak'. These key recommendations can be systematically translated into QIs. Organizations and professionals involved in outbreak control can use these QIs to monitor the quality of response to infectious disease outbreaks and to assess in which domains improvement is needed.
Background
Infectious disease outbreaks are a global threat to public health that can have a high economical and societal impact [1, 2] . During an outbreak, recommended control measures need to be timely and uniformly performed to curb the spread of pathogens and, ultimately, to reduce the number of persons becoming infected [3] .
Numerous documents -from various countries or regions addressing various types of outbreaks-describe such recommended or 'good quality' response to infectious disease outbreaks. Unfortunately, publication and dissemination of scripts, guidelines and scientific advice does not guarantee good quality outbreak response [4] [5] [6] . Evaluations of recent crises show large variation in the implementation of crisis advice and thus in the quality of outbreak response. A Dutch study examining the response to the Q-fever outbreak showed large regional variance in the implementation of the nationally advised measures [7] . Similarly, evaluation of the control measures during the early stages of the lymphogranuloma venereum (LGV) outbreak in the various EU countries showed great differences between countries with respect to case definitions, laboratory testing and antimicrobial drug treatment [8] . A study examining the causes of differences in the implementation of crisis advice showed that among others, the various categories of professionals involved in outbreak control lacked clearly defined measures to monitor the execution of 'key actions' [9] .
Quality indicators (QIs) can be used to gain insight into the quality of response and, even more importantly, they can be used to measure the effects of interventions aimed at improving response [10] . In this manner, QIs provide a tool to systematically monitor response quality. Two studies developed QIs for infectious disease outbreak response describing the major domains of outbreak response [11, 12] . Both studies lack transparency and reproducibility because they do not provide insight into among others; the selected literature, selected experts and the definition of consensus. It is important that QIs are developed in a systematic and transparent way [10, 13, 14] , which to our knowledge has not been done for infectious disease outbreaks.
The goal of this study was therefore to select a set of key recommendations that can be systematically translated into QIs to measure the quality of infectious disease outbreak response from the perspective of disaster emergency responders and infectious disease control professionals (ID-control professionals) using a valid development procedure. We aimed to develop a generic set of key recommendations that can be used to measure the quality of outbreak response, irrespective of the causative pathogen.
Methods
We used the systematic RAND modified Delphi method to develop and select -in a multistep approach (see Step1 through 5 below)-a set of key recommendations representing good quality infectious disease outbreak response [15] . In this iterative method the individual opinion of experts is aggregated into group consensus. Recommendations for infectious disease outbreak response were extracted from the literature, and presented to a multidisciplinary expert panel. The panel achieved consensus on a set of key recommendations during two questionnaire rounds and two face-to face consensus meetings. Formal ethical approval from a medical ethical committee was not required for this research in the Netherlands since it does not entail subjecting participants to medical treatment or imposing specific rules of conduct on participants. All the experts consented to participate in the study and were aware that their responses would be used for research purposes. Step 1 -Literature search and extraction of recommendations
We performed a literature search using the Medline database to review the international literature for information about quality indicators and recommendations for good quality response to an infectious disease outbreak from the year 2007 (search executed 4 th week of February 2012). Table 1 shows the search strategy in which we combined the gold standard search strategy of the Cochrane Effective Practice and Organisation of Care Group to identify quality improvement studies and combined these (http://epoc.cochrane.org/) with terms on outbreaks and performance measurement. Two researchers (EB and AT) independently examined title and abstract of the publications to include any publication (for example outbreak reports, evaluations, health services research studies, guidelines) potentially describing recommendations for ID-control professionals and disaster emergency responders. Exclusion criteria were: publications that were not about infectious disease outbreaks (non outbreak setting or no acute outbreak like HIV), publications describing recommendations for a hospital setting, publications that were setting/region or patient specific, and publications that described simulations or mathematical models of outbreaks.
Next, we collected grey literature, i.e. Dutch documents on good quality response including national guidance, national outbreak advice, contracts between health care organizations and disaster care plans. We also included national evaluations of recent infectious disease crises such as Q-fever and the 2009 flu pandemic. The inclusion of grey literature was made on the basis of recommendations from national specialists on infectious disease preparedness-and control who were asked to judge appropriateness.
Two researchers (EB and MHi) performed the extraction of recommendations independently on a sample consisting of 25% of all selected sources (literature review and grey literature). The researchers extracted good quality response recommendations from the selected literature. Discrepancies between the two researchers were discussed until consensus was reached. After reaching consensus on this 25% sample, one researcher continued to extract recommendations from the remaining selected literature (EB). The two researchers examined the total set of recommendations to remove identical recommendations.
All recommendations were discussed with the main researchers involved in this study (MHu, JH, AT, EB) in two meetings. In these meetings we selected in consensus and while applying the inclusion criteria, existing generic recommendations or aggregated pathogen and disease specific recommendations, which were subsequently presented to the participants in the expert panels during the next stages.
Step 2 -First questionnaire round
The consensus procedure took place between September 2012 and May 2013. We approached all 25 public health regions from the Netherlands by e-mail and invited public health infectious disease experts from their region to participate in the expert group. Our expert panels consisted of 48 Dutch experts in public health (28 ID-control professionals and 20 disaster emergency responders) who all had experience in the preparedness and/or control of an infectious disease outbreak. All regions were represented.
Two digital Limesurvey (a digital open source survey application) questionnaires were composed, one for the ID-control professionals and one for the disaster emergency responders. In this process, recommendations were assigned to the responsible organization in the Netherlands: logistical support recommendations were presented to disaster emergency responders and infectious disease control recommendations were presented to ID-control professionals. In the Netherlands, the disaster emergency responder tasks lay with charge of logistical support of outbreak control while the coordination of outbreak measures is a responsibility of the ID-control experts. This, of course, can be different in other countries.
Both expert groups followed a parallel, methodologically identical path: each expert group assessed the recommendations regarding their expertise on relevance. Relevance was graded by the experts in response to the following question; "To what extent do you consider this recommendation as a relevant element for measuring the quality of infectious disease outbreak response?" on a 9-point Likert scale (1 = totally disagree, 9 = totally agree). Experts could comment on recommendations and could add recommendations. Recommendations were accepted or further processed based on the RAND/University of California at Los Angeles agreement criteria [15] . Relevance scores were calculated for each item. If the recommendation had a median of 8 or 9 and >70% of the experts scored in the top tertile, then the recommendation was marked as "accepted". If the recommendation had a median <8 and <70% scored in the top tertile, then the recommendation was marked as "not accepted" and was excluded. If the recommendation had a median <8 and >70% of the experts scored in the top tertile or the median was 8 or 9 and <70% of the experts scored in the top tertile, then the recommendation was marked as "to be discussed".
In the second part of the questionnaire we checked whether we assigned recommendations to the correct responsible organization (disaster emergency responders or ID-control experts). If more than 33% of the responders questioned the attribution of responsibility for the action to a certain party, then the recommendation was presented to the responsible organization in the second questionnaire round.
Step 3 -Consensus meeting Both expert groups were invited for a separate face-toface consensus meeting in October 2012. The results of the analysis of the questionnaires were sent to the experts in advance of the consensus meeting. During the meeting, the expert panels could comment on recommendations with the label "to be discussed". As a result, the discussed recommendations were found to be not relevant or were modified and found relevant.
Step 4 -Second questionnaire round
In step 4, two responsible organization specific questionnaires were composed of all recommendations. To categorize the recommendations, we combined two frameworks which incorporate the main domains of emergency response [16, 17] . The recommendations were categorized into 35 categories (25 for ID-control experts and 10 for disaster emergency responders) which described each step in the process of infectious disease outbreak response. These 35 categories or subdomains represented 10 main domains: "Scale of the outbreak and epidemiology", "Control measures", "Diagnostics", "Logistic support", "Aftercare and conclusion", "Communication", "Logistics", "Upscaling", "Coordination of the chain of outbreak control" and "Continuity of care".
Corrections on the assigned responsible organization based on the first questionnaire were processed in this second questionnaire. Doubles were removed if there was too much resemblance of the recommendations within one category. If a number of recommendations represented the same recommendation, but for different patient groups (for example, confirmed case, contact of cases) the recommendations were merged. We asked both expert groups to prioritize the most important recommendation per category, and we calculated the percentage of experts that selected a recommendation. If more than 15 percent of the experts selected a recommendation, the recommendation was considered prioritized. Each group only prioritized recommendations regarding their own expertise.
Step 5 -Second consensus meeting
In a final, combined face-to-face expert meeting the experts were presented the combined selected sets of quality indicators from step 4. Experts were asked to judge the completeness of the selected recommendations. As a result, recommendations were textually modified, merged or deleted. 
Results
Step 1 -Literature search and selection of recommendations
The Medline search for international literature regarding quality indicators and recommendations for good quality response to an infectious disease outbreak resulted in 151 unique publications (two identical publications were removed), see Figure 1 . Based on title and abstract, 106 of these international publications were excluded while applying exclusion criteria. The remaining 47 publications were read full text. From 11 [24, 26, 27, 33, 37, 38, 48, 51, 58, 60, 64] out of these 47 articles, we extracted 35 recommendations. The national specialists on infectious disease preparedness-and control plans provided 43 grey literature documents (see Additional file 1), from which we extracted 1057 recommendations. In total, we extracted 1092 recommendations from both the international and the grey literature.
After removal of doubles and of recommendations that were not executed by ID-control professionals and disaster emergency responders, 656 recommendations remained of which 35 were extracted from the international literature.
These recommendations were discussed with all researchers involved in this study to make the recommendations generic so that they apply to all outbreaks irrespective of the nature of the causative pathogen and removed doubles while applying the inclusion criteria. This resulted in 226 recommendations (155 for ID-control professionals and 71 for disaster emergency responders). Figure 2 displays the results from the consensus procedure.
Step 2 -First questionnaire round Forty-four experts returned the first questionnaire (response rate 92%) containing the 226 recommendations resulting from step 1. After applying the RAND/University of California at Los Angeles agreement criteria, the first consensus round resulted in 138 "accepted" recommendations. Thirty-eight recommendations were found "not accepted", and therefore excluded. Thirty-one recommendations were marked as "to be further processed in the second questionnaire".
Both the "accepted" recommendations and the "to be further processed in the second questionnaire" recommendations (N = 169) were subsequently included in the second questionnaire (discussed further in step 4). Nineteen recommendations were marked " to be discussed ", meaning that the experts did not reach consensus on the relevance or non-relevance of the items. These recommendations were further assessed in step 3.
Step 3 -Consensus meeting
In the third step, the expert panels could comment on recommendations with the label "to be discussed" in a consensus meeting. Fourteen ID-control professionals (14 out of 28) and 16 disaster emergency responders (16 out of 20) attended the consensus meeting. The IDcontrol professionals discussed nine recommendations, of which one was found not relevant, seven were found relevant after textual modification and one was found relevant without modification.
The disaster emergency responders discussed ten recommendations of which two were found not relevant. Two recommendations were combined into one and as a result, seven recommendations were found relevant after textual modification.
In total fifteen recommendations were accepted for further assessment.
Recommendations were combined into one if the recommendations represented the same action but a different target group (for instance management of suspected case, case, confirmed case). This resulted in a reduction from 184 to 160 recommendations. The prioritization questionnaire consisted of 160 recommendations, of which 31 had to be appraised by both the disaster emergency responders and the ID-control professionals as in practice both could be made responsible for performing the recommended activity.
Forty experts returned the second questionnaire (response rate 88.9%). As a result, the ID-control professionals selected 55 recommendations, the disaster emergency responders 21. In some cases both types of experts prioritized the same recommendation. Deleting those resulted in 69 unique recommendations from both expert groups.
In the final consensus meeting, both expert panels were merged. Seventeen experts (17 out of 48) attended the consensus meeting. The group discussed the 69 recommendations resulting from step 4. Three recommendations were deleted, 1 newly added and 4 combined into 2. This resulted in 65 recommendations divided among 10 main domains ( Table 2) : Scale of the outbreak and epidemiology (n = 2), Control measures (n = 22), Diagnostics (n = 9), Logistical support (n = 4), Aftercare and conclusion (n = 2), Communication (n = 5), Logistics (n = 6), Upscaling (n = 5), Coordination of the chain of outbreak control (n = 6) Continuity of care (n = 4).
Discussion
In this study, we selected a set of 65 key recommendations describing good quality of infectious disease outbreak response, based on scientific and grey literature, while applying the systematic Rand modified Delphi procedure. We selected key recommendations for the broad range of tasks in infectious disease outbreak response, from "control measures" and "diagnostics" to processes such as "coordination of the chain of outbreak control". These recommendations can be systematically translated into a set of quality indicators. This QI set is a valuable tool to monitor the quality of response to infectious disease outbreak irrespective of the pathogen, and to assess in which domains improvement is needed. To our knowledge, no generic QIs have been systematically developed to measure the quality of infectious disease outbreak response from the perspective of disaster emergency responders and ID-control professionals describing the whole process of infectious disease outbreak response.
Two studies previously developed QIs applicable to some specific components of outbreak response [11, 12] . One study focused on organizational aspects like vaccine availability, communication and reporting [11] , while the other study focused on the correct and timely detection of the first cases and the initiation of prophylaxis, education and advice to healthcare workers [12] . Although there is some resemblance between the domains selected in these two studies and our study, our key recommendations are more detailed and specific, which is crucial for a valid and reliable assessment of quality but also for selecting targets for improvement.
Our study has some strengths and limitations. The strength is that our panels consisted of 26 and 18 experts with ample experience in outbreak control, ensuring optimal face validity of the key recommendations. Literature describes that 7-15 experts per panel are needed in order to develop a reliable set of indicators, [15] . The experts brought expertise from various fields such as: infectious disease control, policy making, public health administration, contingency planning, public health nursing, and had been involved in regional and national meetings regarding infectious disease control. Diversity of expert panel members leads to consideration of different perspectives and a wider range of alternatives [65] .
Preferably, key recommendations are selected combining evidence-and consensus based recommendations, with a strong preference for evidence based [14] . A limitation of our study is that, from the 656 recommendations which served as a basis for the first questionnaire round, only 35 were extracted from the international literature. In addition, the recommendations are merely practice and expert opinion based. Expert opinion is considered to be the lowest degree of evidence [66] . This is in line with Yeager et al., who studied the literature and concluded that "the public health emergency preparedness literature is dominated by nonempirical studies". They also describe how only 15 percent of scientific literature on infectious disease outbreaks concerns the response to outbreaks [67] . Although this explains the lack of evidence based recommendations in our study, at the same time it stresses the importance of building a knowledge base for 'good quality' response to infectious disease outbreaks. Our set of key could be the starting point for such methodologically sound empirical studies. Another limitation of our study is that our results are, for pragmatic reasons, based on judgments by Dutch experts and partly on Dutch grey literature which may reduce transferability to other countries. To reduce this risk as much as possible, we used a large group of experienced experts with various backgrounds. In addition, a considerable part of the Dutch grey literature is based on documents issued by supranational institutions (e.g. the WHO checklist, ECDC or CDC guidelines). We therefore assume that our key recommendations describe essential elements of outbreak response and will have an added value in improving efforts to deliver high quality response to outbreaks. These key recommendations are formulated in such a way that they allow for adaptation to fit the specific organizational structure of different countries. Most countries have their own national guidelines. European countries lacking national guidelines are very likely to use ECDC guidance instead (such as the RAGIDA guidelines or guidance disseminated through Rapid Risk Assessments).
Conclusion
In conclusion, this study provides systematically selected key recommendations for good quality of infectious disease outbreak response. These recommendations can be systematically translated into QI to measure the quality of infectious disease outbreak response and to assess in which domains improvement is needed. Their consequent application will provide public health organizations with knowledge on where improvement of outbreak response is needed and how to prioritise the efforts to achieve optimal and uniform outbreak control, in order to be prepared for the next crisis. The most successful indicators for quality improvement are indicators that are measurable, have potential for feasible improvement, are capable of detecting differences in scores and therefore of discriminating between organizations and are applicable to a large part of the population [14] . At this moment, we are performing a study to test the measurability of our set of key recommendations in practice.
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